The antenna simulation was performed for a frequency range of 0.02-0.5 THz (wavelength of 15 mm-0.6 mm) using FDTD method, a 3D full-wave electromagnetic field solver. The antenna and electrodes were designed in the
Section 2 The growth of BP
In this paper, high quality BP crystals were synthesized by an improved mineralizer-assisted chemical vapor transport (CVT) method, using tin tetraiodide (10 mg, Aladdin, 99.99%), tin (20 mg, Aladdin, 99.99%) and red phosphorus (500 mg, Alfa Aesar, 99.999%) as source materials. These initial materials were sequentially transferred into a quartz tube and sealed by a Partulab device (MRVS-1002) under 10 -3 Pa. The tube was then placed horizontally in the heating zone of a quartz tube furnace with temperature gradient. The representative growth procedure was set as following: First, the furnace was slowly heated from room temperature to 750 °C to prevent explosion due to the excessive pressure inside the tube. After holding at 750 °C for 2 hours, the furnace was then cooled to 500 °C and kept at this temperature for at least 4 hours to promote the crystal growth. Finally, the furnace was cooled down to room temperature with a rate of 1 °C/min. After the growth procedure, large-sized BP crystals with metallic luster could be found at the cold end of the quartz tube. can be retrieved. This phenomenon that the photocurrent depends linearly on the incident power over a large range of more than one order of magnitude indicated that the photodetector is operated in the weak heating regime, in which ∆T<<T ambient , where ∆T is the change of temperature in the electronic system and T ambient is the ambient temperature 2 . Figure S4 (a) the modulation dependence of photocurrent and (b) the modulation dependence of output power at 0.12THz.
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Table S1. Comparison of the responsivity and NEP of terahertz detection with reported 2D materials. 
Section 7 I-V characterization with and without THz wave
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